INTRODUCTION
The composition and spatial distributions of the fish fauna of the continental slope (> 200 m depth) in Australian waters was virtually unknown until the mid1980s, apart from a short account from the southeastern Australia slope (Last & Harris 1981) . Unlike other slope regions for which there are extensive data, e.g. the North Atlantic Ocean (Haedrich & Merrett 1988) and the northern Pacific Ocean (Pearcy et al. 1982 ), Australia's slope regions had not been surveyed. The impetus for studies of the biomass, diversity and structure of slope fish communities was provided by the development of commercial fisheries at upper and mid-slope depths (May & Blaber 1989 , Newton & Klaer 1991 , Koslow et al. 1994 , Kloser et al. 1996 .
Initially, this focus was on Australia's southeastern region, leaving its extensive western coastline poorly known -in particular, the offshore waters were virtually unsampled from an ichthyological perspective (Paxton et al. 1989) . Catch information existed only on commercial fishes from the shelf region, although Heald & Walker (1982) provided some data from the upper continental slope to a depth of about 600 m. The former USSR made 12 cruises in western Australian waters between 1962 and 1974 (E. Nosov, TINRO, Vladivostok, Russia, pers. comm.) , but little of the data from those studies have been published.
In this paper, the composition of the western Australian slope fish fauna, its patterns of diversity, density and its spatial structure are described and compared with those of slope regions off southeastern Australia, and with the North Atlantic and northern Pacific Oceans. These faunal characteristics are also discussed in relation to the ocean currents adjacent to the western slope region. Separate papers provide a checklist of the 388 fishes from 109 families collected during the survey with an overview of the fauna , and a detailed taxonomic account of the grenadiers (Macrouridae and Bathygadidae) that dominate the slope fauna (Iwamoto & Williams 1999) .
MATERIALS AND METHODS
Sampling strategy. The study area extended between latitudes 20°and 35°S off the western coast of Australia; it was bounded in the north by the 114°E meridian (North West Cape), in the south by the 115°08' E meridian (Cape Leeuwin), and by the 200 and 1500 m isobaths (Fig. 1 ). Samples were collected in 1991 during a 30 d demersal trawling survey by a research vessel (FRV 'Southern Surveyor') , and between 1989 and 1991 during commercial fishing operations. Random-stratified samples (n = 65) were taken during the survey from 6 depth strata at 200 m increments between 200 m and 1400 m within 8 latitudinal strata of 100 nautical miles each (1 trawl extended to about 1500 m depth over steeply sloping bottom). Targeted trawls (directed at fish schools detected by echosounder) were made during the survey (n = 21) and by commercial vessels (n = 56). Although the sampling density was low overall, with zero or only 1 randomstratified trawl in some depth/latitude cells, samples were well dispersed over this range of depth and latitude.
The Engels High Lift commercial trawl used in the survey was described by May & Blaber (1989) . This net has a headline length of 35.5 m, headline height of 3.5 to 4 m, wingspread of 19 m, and was fished with a 40 mm liner in the cod-end, and heavy rubber-bobbin ground gear. It was towed with 50 m bridles and Polyvalent trawl doors from twin warps. Scanmar transducers were used to monitor net geometry and trawl door spread for all trawls made in depths of less than 1200 m. A Furuno FNR 700 net recorder was used to monitor headline height in deeper water, but no trawl door transducers were used. The commercial trawlers used a variety of large demersal nets and net monitors deployed from twin warps.
Data standardisation and analysis. The numbers and weights of all species were recorded from each survey trawl. Of almost 90 000 fishes caught during the survey, about 25 000 were taken in the 65 randomstratified trawls. The sizes of the 56 commercial catches were not measured, but they were typically larger than the random survey trawls because they targeted fish aggregations. Overall, about 90% of all fish species recorded were caught during the survey. Our data were separated into 2 groups for analysis: (1) the 65 random-stratified survey trawls were used to investigate species composition, patterns of diversity, density and community structure; (2) all 151 trawls (i.e. 65 random-stratified survey trawls, 21 targeted survey trawls, 9 survey trawls that were aborted but still caught fish, and 56 targeted commercial trawls) were used to determine the diversity and distributions of species.
Only demersal fishes were sampled quantitatively, so 138 species reported in the literature as epi-, mesoor bathypelagic were excluded from all analyses. These included Serrivomidae, Nemichthyidae, Eurypharyngidae, Bathylagidae, Opisthoproctidae, Gonostomatidae, Sternoptychidae, Astronesthidae, Melanostomiidae, Malacosteidae, Chauliodontidae, Stomiidae, Idiacanthidae, Myctophidae, Notosudidae, Paralepididae, Omosudidae, Alepisauridae, Evermannellidae, Scopelarchidae, Ogcocephalidae (Coelophrys spp.), Ceratoidea, Macrouridae (the genera Hymenocephalus, Mesobius, Squalogadus), Melamphaeidae, Anoplogastridae, Carangidae, Chiasmodontidae, Gempylidae (genera Lepidocybium, Ruvettus, Thyrsitoides), Trichiuridae, Stromateidae (Psenopsis spp.) and Nomeidae. A few unassignable species were retained if they were taken frequently and in appreciable numbers. These included Polymetme corythaeola (Phosichthyidae), Neoscopelus species (Neoscopelidae), Bathyclupea sp. A (Bathyclupeidae), and several species of the family Alepocephalidae.
To estimate fish density, catches were standardised to a total weight of fishes (g) caught over the net-swept area of bottom (m 2 ) based on trawl speed × trawl duration (time of net on bottom) × estimated wing spread of net. Catchability (q) was assumed to equal 1 because we had no information on gear selectivity. High-density values from the 200 to 400 m stratum were attributable to large catches taken in 200 to 300 m, so in order to make comparisons with other studies that sampled below 300 m, our shallowest stratum was omitted.
Fish-density data were analysed with a factorial analysis of variance (ANOVA) model based on depth and latitude; depth was partitioned into shelf-break and deeper components, and latitude into single degree of freedom polynomial components. Data were log-transformed to achieve equality of variance. The model fitted addressed an imbalance of sample distribution across the depth × latitude strata (59 samples in 40 cells) by using adjusted least-square means, backtransformed from log to original scale and corrected for bias with 0.5 s 2 (the error mean square from ANOVA). Our model also accounted for 2 missing cells (strata with no samples) with a partial test of the depth × latitude interaction. To appropriately allow for the imbalance, Type II style sums of squares were used for the main effects and depth × latitude interaction (namely, testing the depth effect after fitting latitude, the latitude effect after fitting depth, and the interaction effect after fitting depth and latitude). Sequential, or Type I style, sums of squares were used for the partitions within each of the main effects. The significance of differences associated with depth and latitude was assessed with Fisher's protected least-significant difference (Steel & Torrie 1981 ) and Tukey's procedures for multiple-comparison testing (Zar 1996) . A test for trend in density with latitude, possible because of the sequential and regular form of the latitude strata, was based on latitude partitioned into its linear, quadratic and higher-order polynomial components.
Three methods were used to examine community structure in the slope fish fauna:
Method 1: Multispecies distribution patterns were analysed using numerical abundance data in the 'Cluster' and 'MDS' procedures in the PRIMER software package (Carr 1996) to examine the relationships between samples (trawl stations) (Q-mode analysis), and between species (R-mode analysis) (Field et al. 1982) . Classification (hierarchical agglomerative and unweighted arithmetic average clustering) and ordination (non-metric multidimensional scaling) were based on the non-metric Bray-Curtis 'percent difference' measure (Legendre & Legendre 1998) . Abundance data were transformed prior to analysis using log 10 (n + 1). Partial redundancy analysis in the CANOCO software package (ter Braak & Smilauer 1998) was used to test the influence of environmental variables on distribution patterns. This technique partitions the multivariate variability attributable to predictor variables and tests the significance of canonical axes by permutation (Monte Carlo) testing. Data for R-mode analysis were first standardised by transforming the raw numerical abundance score for each species into a percentage of the total score for that species over all stations (Field et al. 1982) . Analyses were based on species that were numerically dominant at 1 or more stations, rather than the most-abundant species overall (pooled stations); cut-off points at 5 and 15% dominance retained suitable numbers of species for each analysis -103 species for Q-mode and 55 species for R-mode, respectively.
Method 2: Because less abundant species with restricted biocenotic distributions can also characterise fish communities, the frequencies of species occurrences were analysed for each cluster of stations formed by classification analysis to identify indicator species. Forty-two species that were largely restricted to 1 cluster (≥ 65% of total occurrences) and occurred at most of the stations comprising a cluster (≥ 50%) were designated as indicator species. The distributions and provincial association of indicator species was assessed with reference to Smith & Heemstra (1986) , Paxton et al. (1989) , Gomon et al. (1994) , Last & Stevens (1994) , Duhamel (1995) and Williams et al. (1996) .
Method 3: The latitudinal continuity of slope communities was assessed by comparing species overlap from 4 mid-slope zones (> 700 m: 20-22°S, 22-27°S, 27-32°S, 32-35°S) and 2 upper-slope zones (300 to 700 m: 22-27°S, 27-35°S) off western Australia with, respectively, the southeastern mid-slope (800 to 1200 m) (Koslow et al. 1994 ) and upper-slope (350 to 500 m) (May & Blaber 1989) . To obtain a measure that reflected the influence of dominant species, we also computed the overlap of species represented in more than one-third of the southeastern Australian samples. Measurement of community overlap was based upon Sorenson's coefficient of community, S (Legendre & Legendre 1998): where A and B are the total number of taxa in the 2 regions being compared and C is the number in common.
Our raw data are archived at the CSIRO Marine Laboratories in Hobart and are available separately. Contact should be through the senior author (A.W.).
Taxonomic identifications. Collections of voucher specimens were lodged with 4 Australian ichthyological collections (Australian Museum, Sydney; I.S.R. Munro Ichthyological Collection, CSIRO Marine Laboratories, Hobart; Museum of Victoria, Melbourne; Western Australian Museum, Perth). Williams et al. (1996) presented a species checklist with horizontal and vertical limits of distribution and voucher specimen registration numbers.
RESULTS

Faunal diversity
Of the 388 fishes in 109 families obtained in this study , 310 species in 90 families were taken in the 65 random-stratified samples from the research vessel survey ( Table 1 ). The remaining species were from targeted and aborted survey trawls (31 species from 6 families) or commercial catches (47 species from 13 families).
Species accumulation from the random-stratified catches ( Fig. 2A) showed that about 50% of fishes were obtained in the first 13 trawls and that the accumulation rate decreased noticeably after about 30 trawls; species accumulation did not reach an asymptote, indicating that additional species would be caught with further sampling. The fauna is characterised by high diversity: in our samples most species occurred infrequently ( Fig. 2B ) with 173 species (about 56%) present in only 1 or 2 samples; 34 families (about 38%) were represented by single species (Table 1) . Only 14 species each contributed more than 1% of total numbers, while 25 species collectively made up 80% of total numbers (Fig. 2C ).
The 5 dominant families (based on numerical abundance) in each of the 6 depth strata are shown in Fig. 3 .
Samples from the 2 shallowest strata (200 to 399 and 400 to 599 m depths) were dominated principally by the Acropomatidae and Chlorophthalmidae, with grenadiers, Macrouridae and Bathygadidae, the most abundant families in greater depths (600 to 1400 m). The Synaphobranchidae, Alepocephalidae and Oreosomatidae were also among the dominant families in more than 1 stratum below 800 m depth. As well as being among the most abundant families in 5 of the 6 depth strata, the Macrouridae is also the most speciesrich family (Table 1) .
Density
Standardised catch data, stratified by depth and latitude, showed that the density of demersal fishes on the western Australian slope was low (Table 2A) . Density estimates exceeded 1 g m -2 in the shallowest (shelfbreak) stratum (200 to 399 m), except from a single small catch between Latitudes 30°00' and 31°40' S (Table 2A) . In all deeper strata, fish density was less than 1 g m -2
. ANOVA showed that density varied significantly with depth (p < 0.001) and latitude (p = 0.011) ( Table 2B ). The complete depth × latitude interaction term with 28 df could not be fully tested because there were no data for 2 of the depth × latitude cells. However, a partial test based on the 26 available degrees of freedom component indicated no significant interaction (F = 1.182, df = 26, p = 0.351) ( Table 2B ). As it was unlikely that observations for the other 2 cells would have changed this result, subsequent analyses assumed no interaction. With the interaction effect removed, the significance of the main effects were: depth (F = 10.75, df = 4, p < 0.001) and latitude (F = 3.25, df = 7, p = 0.007). The significant depth effect (4 df) was attributable only to a difference between the shelf-break (200 to 399 m stratum) and slope (strata deeper than 400 m) (p < 0.001). No difference was detected between the 4 deeper slope strata (p = 0.294). Multiple-comparison tests between all 5 depth strata were consistent with this result.
Density was lowest at northern latitudes and increased significantly with increasing latitude in a linear manner, since when latitude was partitioned into polynomial components only the linear component was significant (p = 0.001) in the ANOVA (Table 2B) .
Community structure
A classification of random survey station data (Q-mode analysis) identified 7 primary communities (Clusters 1 to 7) within 2 main groups at the 0.65 level of similarity (Fig. 4) . Ordination of data showed good correspondence with clusters, with the 65 samples being adequately represented (stress = 0.17) in 2-dimensional space (Fig. 5A ). Groupings appeared to be strongly influenced by depth and latitude, and this was confirmed by superimposing their values on the ordination plot (Fig. 5B and C respectively) . A test of this hypothesis (that multispecies spatial distributions were structured by depth and latitude) using partial redundancy analysis showed there were very strong correlations between depth and the first canonical axis (r 2 = 0.845), and between latitude and the second axis (r 2 = 0.803). The percentages of total variance explained by the 2 variables (0.389) on the first and second axes were 77 and 23%; permutation tests (500 runs) for canonical axes were all highly significant (p = 0.002). A plot of samples against depth and latitude ( Fig. 5D ) showed that sample groupings delineated shelf-break/upper-slope communities (Clusters 1 to 4) and mid-slope communities (Clusters 5 to 7) at a boundary near the 700 m isobath.
In the shelf-break/upper-slope group, stations in Clusters 1 and 2 defined communities from a shelfbreak community (~200 to 400 m) at southern and northern latitudes (~28 to 34 and ~22 to 27°S respectively); Clusters 3 and 4 delineated 2 communities from the shallow and deep upper-slope at depths of ~350 to 500 and ~500 to 700 m respectively. Stations in Cluster 3 could be further subdivided into 2 sub-clusters, 3A and 3B, corresponding to suites of fishes from southern and northern latitudes (~27 to 33 and ~24 to 27°S respectively). ) by latitude and depth strata. Depth/ latitude cells show means of raw data and the corresponding means for each depth and latitude stratum. Ad. X -: adjusted mean, i.e. the least-square mean, backtransformed from log to original scale and corrected for bias by 0.5 s 2 (error mean square from ANOVA table below). n: total number of samples per stratum; depths 1 to 5 are five 200 m strata (200-399, 400-599, 600-799, 800-999, 1000-1200); latitude boundaries 1 to 8 are shown in Fig. 1. (B ) In the mid-slope group, stations in Clusters 5 and 6 defined communities from a shallow mid-slope community (~700 to 950 m), while Cluster 7 delineated a deep mid-slope community (~900 to 1300 m). Clusters 6 and 7 could also both be further partitioned into sub-clusters based on latitude: the northern shallow mid-slope stations to Subclusters 6A (~20 to 26°S) and 6B (~27 to 31°S) and the deep mid-slope stations to Subclusters 7A (~24 to 34°S) and 7B (~20 to 22°S).
A classification based on species data (R-mode analysis) delineated 6 clusters in 2 main community-level groups at the 0.55 level of similarity (Fig. 6 ). These groups delineated species from shelf-break/ upper-slope and mid-slope communities and corresponded with the main groups defined by Q-mode analysis. Once again, 4 clusters were formed by shelf-break/ upper-slope species based on depth and latitude: southern shelf-break species (Cluster 1), northern shelf-break species (Cluster 2), shallow upperslope species (Cluster 3), and deep upper-slope species (Cluster 4). Midslope species formed 2 clusters: Cluster 5 containing southern, shallow midslope species and Cluster 6 the remaining mid-slope species. In contrast to the result of Q-mode analysis, a northern, shallow mid-slope community was not clearly delineated from deep mid-slope species.
The 6 species comprising Cluster 1 (Fig. 6 ) characterise a southern community of the well-defined shelf-break community. This community occurs iñ 200 to 400 m and extends northwards from the southern limit of the study area to about 28°S latitude (Fig. 5D ). Indicator species (Table 3) slope. Many of the other species caught within this zone are temperate elements that also extend well eastward of southern Australia and occur both on the outer shelf and upper-slope. A northern community of shelf-break species was represented by 6 species in Cluster 2 (Fig. 6) ; this community occurred in a similar depth range to the southern shelf-break community (~200 to 300 m) but ranged from the northern limit of sampling south to about 27°S (Fig. 5 ). Indicator species (Table 3) were Citharoides macrolepidotus, known from the northwestern Pacific, and 4 undescribed taxa: Squalus sp. D, Chlorophthalmus sp. B, and Lepidotrigla species A and B, that are endemic to western central and northwestern Australia. These species co-occurred with numerous tropical fishes that extend southwards from northwestern Australia. where numbers and groups correspond to clusters formed by Q-mode analysis (Fig. 4) . *Unclustered stations
The 10 species comprising Cluster 3 (Fig. 6 ) characterise a community from the shallow depth range (~350 to 500 m) of the upper-slope. Indicators in this community (Table 3) were Hoplostethus latus (restricted to this zone and caught at 10 stations); 5 stenobathic, widespread southern Australian temperates Squalus mitsukurii, Euclichthys polynemus, Caelorinchus mirus, Helicolenus barathri and Apogonops anomolous; the undescribed Chlorophthalmus sp. C, which is probably restricted to the region, and Notopogon xenosoma, which is almost circumglobal in the subtropical belt of the Southern Hemisphere. The ranges of other species in this community were consistent with the latitudinal structure evident in sub-groups formed in the Q-mode analysis (Fig. 4) , being either tropical elements extending southwards or warm temperate elements extending northwards.
A further 9 species characterise a community from a deeper range on the upper-slope (~500 to 700 m) (Cluster 4, Fig. 6 ). Among indicator species (Table 3 ) Bathyclupea sp. A was caught at all stations and restricted to this zone, while other indicator species were the undescribed western Australian endemics Neoscopelus sp. A and Caelorinchus charius, and more widespread macrourids Malacocephalus laevis (southern Australian temperate) and Ventrifossa sazonovi (Indo-255 Table 3 . Indicator species from depth/latitude zones on the western Australian continental slope defined by cluster analysis of stations (Fig. 4) . West Pacific). All indicator species were distributed over the range of latitude (~22 to 33°S) represented by deep upperslope stations (Fig. 5) . The remaining species in this zone include many tropical elements extending southwards and warm temperate elements extending northwards. The 3 species in Cluster 5 (Fig. 6 ) characterise a southern community of the shallow mid-slope community. This community occurs in ~700 to 950 m and extends from the southern limit of the study area north to about 33°S latitude (Fig. 5D) . The indicator species in this community (Table 3) are Deania calcea, Etmopterus lucifer, Moro moro, Neocyttus rhomboidalis and Trachyscorpia capensis. These fishes are geographically widespread, but in Australian waters have stenobathic temperate distributions around the entire southern Australian coast. The remaining species of this community are dominated by widespread species that are either warm temperate or have penetrated the west coast region from the south. Some infrequently occurring benthic species, e.g. skates, appear to be confined to the western Australian slope.
The failure of R-mode analysis to delineate a northern community on the shallow mid-slope from the deep midslope community (Fig. 6 ) was most likely due to the broad and overlapping bathymetric ranges of the abundant species used in the analysis. Identification of indicator species in the groups of stations from each of these zones (Clusters 6 and 7, Fig. 4) showed that several species were largely restricted to one or other community (Table 3) . Three were taken from the 10 northern stations on the shallow upper-slope: Rouleina guentheri, Neoscopelus macrolepidotus and Mataeocephalus acipenserinus. All are widely distributed in tropical and temperate oceanic regions adjacent to Australia, but off western Australia ranged mostly from the deep upper-slope down to ~1000 m.
Eight species from the 19 deep midslope stations met our criteria as indicator species: Synaphobranchus brevidorsalis, Narcetes lloydii, Bathypterois ven- 
tralis, Bathygadus spongiceps, Nezumia wularnia, Sphagemacrurus pumiliceps, Trachonurus yiwardaus
and Scombrolabrax heterolepis. They are also widely distributed in tropical and temperate waters but have deeper bathymetric distributions than the shallow, northern mid-slope species and typically extend from 900 m to beyond 1500 m (our limit of sampling), with a centre of abundance below ~1000 m. Thus, in the mid-slope zone, indicator species provided a clearer picture of community structure by depth than more abundant species.
DISCUSSION
Faunal diversity
The 388 demersal fishes in 109 families collected during the first survey of the western Australian slope are a substantial component of the known Australian fish fauna. The collection clearly illustrates the comparatively high diversity of the deep-sea component of a fish fauna that is rich in world terms (Paxton et al. 1989) in making up about 9% of the 4100+ known species (Yearsley et al. 1997 ) and one-third of about 300 families (Paxton et al. 1989 ). There is a high likelihood that further sampling off western Australia would reveal additional species, since speciesaccumulation did not reach an asymptote in the survey samples. Small species, as well as benthopelagic and benthic species, may have been undersampled by our large, pairedwarp, trawl rig (e.g. Gordon & Bergstad 1992) . Unpublished data show that small-meshed prawn trawls catch different suites of slope fishes, such as ophidiids and congrids, in adjacent waters off northwestern Australia. We may also have under-sampled large, mobile fishes because species such as the lutjanid Etelis carbunculus occur in considerably greater abundance in commercial trawls that are towed at faster speeds. Species richness and familylevel diversity off western Australia are high compared to 2 oceanic regions of the Northern Hemisphere for which broad-scale survey data are available (Table 4) . Fewer slope fishes (296 species from 57 families) were taken by more comprehensive surveys of broader latitudinal and bathymetric ranges in the North Atlantic Basin (Haedrich & Merrett 1988 , 1990 ) -although more recently, Merrett (1994) listed 505 species from the North Atlantic in depths below 200 m (exclusive of shelf species). The total of 199 slope fishes in 19 families collected from surveys of the northern Pacific Ocean (Pearcy et al. 1982 , Dudnik & Dolganov 1992 was considerably less than taken off western Australia, although low latitudes and the upperslope (200 to 400 m) were not sampled in the Pacific (Table 4) . Thus, despite their disparate effort and spatial coverage, these surveys indicate that diversity may be exceptionally high in the Australian slope region.
The high diversity of the western Australian slope fauna is attributable to the overlap of rich, independently evolved tropical and temperate faunas. The relatively high proportions of southern temperate Australasian species, tropical species with Indo-Pacific affinities, and western endemics indicates a similar degree of mixing of these faunas to that in shallow western fishes (Hutchins 1994) . The structure of modern Australian shallow marine faunas is considered to 257 Haedrich & Merrett (1988 , 1990 b Pearcy et al. (1982) c Dudnik & Dolganov (1992) d Combined data of Pearcy et al. (1982) and Dudnik & Dolganov (1992) reflect their independent origins in ancient seas prior to the break-up of Gondwana: the Indo-Pacific fauna directly descended from the Tethyan fauna and the southern temperate fauna from a paleoaustral fauna that developed independently along the southern shores of Gondwana (Wilson & Allen 1987) . The notable diversity and isolation of modern shelf and slope faunas of southern and southeastern Australia (Vaughan & Wells 1943 , Poore et al. 1994 , Richer de Forges et al. 2000 can be traced back to high levels of endemism in this paleoaustral fauna. Clearly this pattern extends to southwestern Australia, although there are many differences between the slope fish faunas of southeastern and western Australia (see below). We note that the well-known high diversity of the northern shallow-water fauna appears to extend to slope depths as well. The circumglobal extent of the Southern Ocean, along with the considerable age of the temperate and tropical Australian faunas, doubtless contributes to its diversity. Mixing of faunas is facilitated by the diverse tropical and temperate origins of both near-surface and intermediate-depth water masses that overlap along the western slope region (Fig. 7) . Near-surface dispersal is likely to be particularly influenced by the strong seasonal flows of the Leeuwin Current, as it is derived from waters of the Indo-Pacific and flows southwards over the entire length of the western slope into the Great Australian Bight (Smith et al. 1991) . In shelf waters it facilitates the polewards movement of tropical fishes into what are exclusively temperate provinces at corresponding latitudes on the western coastlines of other Southern Hemisphere continents (Morgan & Wells 1991) . A countercurrent with warm temperate origins east of Cape Leeuwin flows equatorwards at least as far north as Shark Bay (Pearce 1991) . At midslope depths, several intermediate water masses flow adjacent to the slope. North West Indian Intermediate Water (NWIIW) from the northern Indian Ocean extends south to at least 30°S with its core layer in about 700 to 1400 m (Rochford 1961) . Banda Intermediate Water (BIW), flowing in a westerly direction south of Indonesia, lies immediately below NWIIW and extends south to 25°S in about 800 to 1400 m (Rochford 1958 (Rochford , 1961 . Antarctic Intermediate Water (AIW) flows northwards along the slope and may be derived from 2 widely separated sources. Rochford (1958) described a significant northwards movement of AIW to the southwest of Australia originating from the main eastwards-flowing body south of 40°S. More recently, circulation models support the possibility of an intermittent westwards flow returning AIW from the Pacific to the Indian Ocean along southern Australia (Bye 1972 , Fine 1993 .
Spatial structure of communities
Many studies have found depth-related structure in deepwater fish faunas, but patterns along depth gradients may be either zonation (Day & Pearcy 1968 , Menzies et al. 1973 , Haedrich et al. 1975 , 1980 , Pearcy et al. 1982 or the continuous replacement of species (Merrett & Marshall 1981 , Snelgrove & Haedrich 1985 . Off western Australia, bathymetric boundaries were distinct in the slope fish fauna, and zones were defined. Delineation was most distinct between shelf-break and upper-slope communities at about 250 to 350 m, and between upper-slope and mid-slope communities at about 700 to 800 m; shallow and deep communities were also evident on both the upper-slope and mid-slope, with boundaries at about 500 m and 900 to 1000 m. The robustness of this structure is supported by strong similarities among multivariate groupings formed by abundant species and stations, as well as the high numbers of species contributing to communities in all depth zones. In addition, there were several fre- quently occurring indicator species restricted to each community. The continuity of zonation or community structure and its persistence over more than just local scales (Haedrich & Merrett 1990 ) was of interest because there were distinct faunal changes with latitude as well as depth. A surprisingly sharp biotone exists on the mid-slope towards the southern limits (32 to 33°S) of the western coastline, while north-south contrasts at the shelf-break, shallow upper-slope and mid-slope indicate that a less-distinct transition zone occurs around 26 to 28°S off Shark Bay. On the western mid-slope, only the most southerly community (32 to 35°S) was similar to that off southeastern Australia. The degree of overlap (S = 37) was similar to that between southeastern Australia and both the Great Australian Bight (GAB) and Challenger Plateau region off New Zealand (NZ) ( Table 5 ). The overlap of dominant species, which provides a less-conservative measure of overlap when presence/absence data are used from fish communities with high proportions of rarely captured species (Koslow et al. 1994) , showed that 58% were common to the southernmost community off western Australia and southeastern Australia. Levels of similarity declined with decreasing latitude up the west coast, with overlap of the 27 to 32°S community and southeastern Australia (S = 24) significantly less than that between southeastern Australia, the GAB and NZ (mean; 95% confidence intervals: S = 41.6; 29.6 to 53.5). Despite many widely distributed mid-slope species persisting north of 32°S off western Australia, there were few dominant species (25%) in common with southeastern Australia. There was an abrupt decrease in overall similarity of the communities north of 27°S (Table 5) . Upper slope faunas from the 2 regions showed similar patterns to the midslope: a comparable degree of similarity with a comparable decline as latitude decreased on the west coast. Both the degree of overlap and number of dominant species in common was slightly higher on the upper slope than on the mid-slope at corresponding latitudes (~22 to 33°S), but there were insufficient upper slope samples south of 33°S to permit comparison. A biotone in the vicinity of Latitudes 32 and 33°S on the southwestern Australian slope therefore appears to be the northwestern boundary of a widely distributed benthopelagic slope fish community; on the mid-slope this community extends over at least 65°of longitude across southern Australia to New Zealand (Koslow et al. 1994) .
Vertical patterns in fish community structure are coincident with the structure of regional hydrology. The faunal discontinuity around 300 m (the shallow boundary of upper-slope communities) is at the deep limit of the near-surface flow of the Leeuwin Current (Smith et al. 1991) . Around 300 m, a physical boundary region exists between southwards flowing, warm, lowsalinity Leeuwin Current water and the cooler, saltier waters of a deeper northwards-moving countercurrent (Pearce 1991) . The boundary region between upper and mid-slope communities around 700 m coincides with the upper extent of AIW off southern Australia (Fine 1993), supporting the suggestion of Koslow et al. (1994) that the mid-slope community off southeastern Australia resides within the core depths of AIW. There is no clear horizontal coincidence in spatial structure as AIW appears to extend well north of the faunal break around 32 to 33°S (Rochford 1961) . However, flow of AIW in this area may be intermittent (Bye 1972 , Fine 1993 , and therefore may have a variable influence on the penetration of the southern temperate community into northern waters. 259 Table 5 . Comparison of community composition between the western and southeastern Australian continental slope regions: overlap shown for total species and dominant species only (occurrence > 33%) by % shared in common and the Sorensen (S) coefficient of community. Mid-slope data (800 to 1200 m) from SE Australia, Great Australian Bight (GAB) and Challenger Plateau, New Zealand (NZ) from Koslow et al. (1994) ; upper-slope data (500 m) from May & Blaber (1989 
Fish density and overlying productivity
Our estimates of demersal fish density on the western Australian slope (<1 g m -2 below 400 m) are lower than in many other regions of the world's oceans (Table 6 ). With the exception of 1 uncharacteristically low estimate from the eastern North Atlantic Ocean (0.2 g m -2
, Merrett et al. 1991) , estimates for other regions exceed the density off western Australia by at least 2 to 3 times. Underestimation of density -an inherent bias with the use of small trawl nets (Pearcy et al. 1982 , Merrett et al. 1991 )-is unlikely to account for our low estimate because a large commercial trawl was used. Of particular interest was that fish-density estimates from the southeastern Australian slope were considerably higher than from the western slope. Those from the upper-slope (Wankowski & Moulton 1986 , May & Blaber 1989 ) were 4 to 6 times greater, while an estimate on the southeastern mid-slope (Koslow et al. 1994 ) was 1 order of magnitude greater (Table 6 ). Indeed, these comparisons underestimate regional differences: the estimate from the southeastern upper-slope (Wankowski & Moulton 1986 ) used a catchability coefficient (q) of <1, and excluded several abundant 'non-commercial' species, while the midslope estimate was exclusive of considerable mid-slope fish aggregations undetected by trawl surveys (Koslow et al. 1994) .
The low overall density of slope fishes off the west coast of Australia appears to be linked to the low biological productivity of overlying waters. This causal association has previously been reported by Lenanton et al. (1991) for fishes on the western continental shelf. Near-surface waters are strongly influenced by the Leeuwin Current that, despite narrowing from about 400 km off North West Cape to less than 100 km further south (Cresswell 1991) , overlies the relatively narrow slope region (200 to 1500 m) that is about 100 km at its widest point (off Carnarvon) and only 20 km wide off Cape Leeuwin. The current has maximum speeds just seaward of the shelf-break and can flow strongly at 100 km further offshore and penetrate to depths of at least 320 m at 34°S (Smith et al. 1991) . Unlike eastern boundary currents of the major upwelling regions off South America and southern Africa (Pearce 1991) , the Leeuwin Current flows polewards, thereby inducing downwelling rather than upwelling. Being derived from tropical and subtropical waters (Cresswell & Petersen 1993) , it is relatively low in nutrients (Rochford 1980 (Rochford , 1988 and receives no input of nutrients from terrestrial run-off (Lenanton & Hodgkin 1985) . Flow of the West Australian Current northeastwards from the central Indian Ocean (Andrews 1977) and mass transport of surface water (Tranter 1977 ) also influence the slope, but both are thought to be low in nutrients (G. Cresswell, CSIRO Marine Research, pers. comm.) . Surface chlorophyll concentration in the region is low year-round (J. Parslow, CSIRO Marine Research, pers. comm.) and near-surface zooplankton biomass is low in global terms (Tranter 1962) . Our observation of increasing fish density with increasing latitude may be attributable to the reduced flow of the Leeuwin Current in summer, and its subsequent displacement by a northerly flowing countercurrent. Cold-water upwellings extend periodically onto the west coast from the Australian south coast, east of Cape Leeuwin (Cresswell & Petersen 1993, their Plate 1c) . A seasonal pulse of production associated with water of temperate origin, which is gradually diluted as it moves northwards, may account for the latitudinal trend in fish density. Fish density off western Australia was highest at the shelf-break, but at greater depth down the slope, did not vary significantly. This pattern has been observed at high latitudes in the North Pacific (Pearcy et al. 1982) , but off southeastern Australia and in some regions of the eastern North Atlantic (Gordon & Duncan 1985 , Merrett et al. 1991 fish biomass is greatest between 750 and 1400 m. Elevated biomass of benthopelagic fishes at mid-slope depths appears to be due to their ability to utilise the mesopelagic micronekton as a 260 Pearcy et al. (1982) d Ohta (1983) , data in May & Blaber (1989) e Wankowski & Moulton (1986) (commercial species biomass only; q = 1), data in May & Blaber (1989) f May & Blaber (1989) , data adjusted for q = 1 g Koslow et al. (1994) h Length in metres is net headline length food source (Gordon & Duncan 1985) where it is dense and available close to the bottom (Mauchline 1990 ). Concentrations of mid-slope fishes, and therefore commercial fisheries, occur in some regions where bottom topography, including seamounts, interrupts mesopelagic stratification (Clark et al. 1989 , Williams & Koslow 1997 ). The vertical distribution and relative abundance of mesopelagic micronekton in our study region is unknown, and the seafloor topography is not yet fully surveyed. However, the lack of elevated fish density at depth, as well as the absence of a mid-slope fishery (after a decade of exploratory commercial fishing), indicates that predation on mesopelagic micronekton does not result in enhanced fish production on the mid-slope off western Australia. In addition to the observed differences in fish density between the southeastern and western slopes, there appeared to be a contrast in the taxonomic and ecological composition of the respective faunas that may also be related to overlying productivity. A similar, causal association between productivity and horizontal changes in community structure has been made previously for deep-sea fishes (Merrett & Marshall 1981) including faunas at abyssal depths (Sulak 1982 , Merrett 1987 , 1998 . On Australia's southeastern slope, a few species of relatively large, active, pelagic feeders are highly dominant and support the country's largest fin-fish fisheries: blue grenadier (Macruronus novaezelandiae) on the upper slope (May & Blaber 1989) , and orange roughy (Hoplostethus atlanticus) and oreos (Pseudocyttus maculatus and Allocyttus niger) on the midslope (Koslow 1997) . Blue grenadier undertake extensive vertical migrations to feed directly in the epipelagic zone (Clark 1985a ,b, Blaber & Bulman 1987 , while orange roughy and oreos feed on components of the deep mesopelagic fauna nearer the bottom (Rosecchi et al. 1988 , Clark et al. 1989 , Bulman & Koslow 1992 , Williams & Koslow 1997 . These species were rare on the western slope, and no other species of similar size and trophic ecology are dominant or support significant commercial fisheries. Instead, the western slope (below 400 m) is characterised by a diverse assemblage in which many relatively small, benthic species or species feeding near the bottom are abundant. The most abundant species and species-groups (in biomass) vary with depth and latitude , but are predominantly grenadiers (Macrouridae and Bathygadidae), dogfishes (Squalidae) and cucumberfishes (Chlorophthalmidae).
Australia's grenadier fauna, which is dominant on the western slope , Iwamoto & Williams 1999 and abundant and species-rich on the southeastern slope (A.W. unpubl. data), provides a similar contrast. External morphological features (McLellan 1977 , Howes & Crimmen 1990 ) suggest a predominance of benthic and near-bottom pelagic feeders among the western species and active, pelagic feeders among southeastern species. Thus, predominant groups in the western fauna include benthic Caelorinchus species (23.3% of grenadier biomass) that typically have a well-developed rostrum and small, sub-terminal mouth, and several soft-bodied, near-bottom pelagic forms: Cetonurus globiceps (20.7%), Bathygadus spongiceps (13.5%) and Gadomus species (10%). In contrast, the dominant southeastern species, Coryphaenoides serrulatus (37% of grenadier biomass), C. subserrulatus (19.2%), and Lepidorhynchus denticulatus (31.6%) are firm-bodied and, at least in regard to the latter 2 species, appear to undertake extensive vertical migrations. Both C. subserrulatus and L. denticulatus are commonly caught >100 m off the seabed in pelagic trawls (May & Blaber 1989, A.W. unpubl. data) .
The association of high diversity in the western Australian slope fish fauna with low density and low productivity of overlying waters is consistent with studies of other major marine faunas. Plankton communities of the central oceanic gyres (McGowan & Walker 1978) and the benthos of the abyssal plains (Hessler & Jumars 1974 ) are 2 often-noted, exceptionally diverse marine faunas associated with highly oligotrophic environments. However, whether there is an association (negative or otherwise) between productivity and species richness in the deep-sea benthos remains controversial (Rex et al. 1993 , Paterson et al. 1998 ). These ecosystems, including the Indo-Pacific and Southern Ocean continental slope, are all large and very ancient, which may be the key to their high diversity; within limits, productivity may be a less critical factor in determining species diversity.
In summary, the characteristics of fish communities on Australia's western continental slope -rich and diverse composition, distinct vertical structure, low density and predominance of benthic feeding typesare consistent with the multiple origins, stratification and low productivity of the ocean currents adjacent to the slope region. Horizontal community patterns indicate that the southern Australian slope fish fauna extends only to the southernmost section of the western slope, with replacement by a northern fauna at all depths as latitude decreases. In contrast to the continental slope off southeastern Australia, the western slope does not appear to support commercial concentrations of fishes.
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